A 6-year-old boy presented with traumatic atlanto-occipital dislocation due to a traffic accident. Later al spinal tomography showed anterior misalignment of the craniocervical junction. Magnetic resonance imaging demonstrated associated cervicomedullary injury. He underwent an occipital-cervi cal fusion with implantation of a spinal cord electrical stimulation unit. His consciousness level im proved, but he remained quadriplegic and dependent on a respirator 2 years after the injury.
Introduction
Traumatic atlanto-occipital dislocation (AOD) is a serious and usually fatal injury. Survival after trau matic AOD is rare . 8-11,15,20,22- 2) The absolute inci dence of traumatic AOD is unknown because of the extremely high rate of resultant death, but review of several series of trauma victims who died at the acci dent scene suggests that AOD accounts for up to one-third of fatal cervical spine injuries. ') The first case of traumatic AOD, in a 19-year-old male injured in a gymnastics accident, was reported in 1908.2) However, most survivors of this injury have been reported in the last decade, 3, 16, 17, 21, [23] [24] [25] reflecting the improvement in emergency medical services. The survivors usually present with severe and persistent neurological deficits. There were three times more children than adults in a series of patients with AOD who survived over 48 hours.23) Most of these children were the victims of pedes trian-motor vehicle accidents, but the implications are not known.
We report a 6-year-old boy with AOD who has sur vived for more than 2 years with severe neurological deficits and describe his unique magnetic resonance (MR) imaging findings.
Case Report
A 6-year-old boy was struck by a car while crossing a street on a bicycle on May 9, 1992. One of the authors (J.I.) was passing by chance and examined him almost immediately after the accident. He was flaccid and apneic. Artificial respiration was begun and maintained until he was intubated in the emer gency room of our hospital.
Neurological examination revealed that he was un responsive, non-breathing, and had no voluntary or spontaneous movement of the arms and legs. His pu pils were mitotic in the mid position and unreactive. He had no corneal, gag, or oculocephalic reflexes. His consciousness level was Glasgow Coma Scale 3.
Lateral radiographs of the cervical spine initially suggested AOD. Spinal tomography demonstrated AOD with abnormal separation of the occipital condyles and superior facets of the atlas. Anterior misalignment of the craniocervical junction had a Powers' ratio22> of 1.1 (Fig.  1 ). Computed tomography (CT) of the head showed no intracranial mass lesions, but traumatic subarachnoid hemor rhage surrounding the brainstem and a hematoma in the third and fourth ventricles with enlargement of the lateral ventricles were present (Fig. 2) . T,-weight ed sagittal MR imaging revealed dorsal displacement of the cervicomedullary junction and a contusional hematoma at the pontomedullary portion (Fig. 3) . Within 24 hours of injury, initial extraventricular drainage was implaced. He was taken to the intensive care unit after the operation, and his neck immobi lized in the neutral position with sandbags and a firm collar. On June 2, a ventriculoperitoneal shunt was implaced. MR imaging on June 30 revealed enlarge ment of the fourth ventricle and a hematoma scar at the pontomedullary junction. On July 21, reconstruc tive repair of the AOD using a metal frame (oc cipito-C-1 through C-4 fusion) was combined with implacement of a fourth ventricle-peritoneal shunt and implacement of a spinal cord electrical stimula tion device (PISCES set; Medtronicus, Minneapolis, Minn., U.S.A.) in the cervical epidural space (Fig. 4) . Electrical stimulation was started 1 week after the operation.
No neurological improvement was observed in the following 4 months. However, early in December pursuing eye movement was recognized. In March 1993, he began to respond to orders for eye opening or closing, and show feelings of joy and anger on his face. In May 1994, he was totally quadriplegic, and required gastric tube feeding and respiration. Exami nation of the awake patient found total absence of pharyngeal sensation, inability to swallow, no activi ty in the trapezius or sternomastoid muscles, and a flaccid tongue.
Discussion
Traynelis et al. 13) suggested that there are three specific types of AOD: Type I involves anterior dis placement of the occiput with respect to the atlas; Type II is primarily a longitudinal distraction with separation of the occiput from the atlas; and Type III is posterior displacement of the occiput with respect to the atlas.
Several different radiological criteria have been de veloped, frequently specific to a particular subtype of AOD. Occasionally tomography may be necessary to see the basion and opisthion. All patients with anterior dislocations have ratios >_ 1.0, but all normal pa tients have ratios <_0.9.3,22) Kaufman et al. 14, 15) proposed assessing the actual distance between the occipital condyle and the superior facet of the atlas in cases of longitudinal distraction. In children, the normal distance is never more than 5 mm, so any value greater than 5 mm indicates AOD.
MR imaging of AOD in the acute phase is rare be cause death usually occurs soon after injury. In our patient, emergency MR imaging showed the hemato ma at the pontomedullary region and displacement of the cervicomedullary junction. MR imaging gives the most important information to evaluate the in tegrity of the medulla and cervical spinal cord. Addi tionally, the degree of longitudinal distraction and overall anteroposterior relationship of the cranium with respect to the spinal axis can be easily appreciat ed on the sagittal MR images.
There are two major views about the mechanism of AOD: extreme hyperextension leading to rupture of the tectorial membrane is primarily responsi ble, 8, 10, 19) and an additional component of lateral flex ion is also necessary. 11,20,26) There is also evidence of a third mechanism contributing to AOD: pure hyperflexion as indicated by injury to posterior ele ments.8,10,22,23,26) Although hyperextension may be necessary to disrupt the tectorial membrane, AOD probably results from a combination of dynamic forces that result in hyperextension, lateral flexion, and hyperflexion.21) AOD is more common in children than adults. The craniovertebral junction of children does appear to be inherently less stable, possibly due to the small occipital condyles and an almost horizontal plane of articulation between the cranium and the atlas * 23)
The extremely high incidence of mortality associ ated with AOD is probably the result of medullary in jury.',') Medullary injury may occur as a direct result of the injury as in our patient or due to an extradural hematoma. Less severe brainstem insults may cause cardiopulmonary instability leading to bradycardia, irregular respirations, or apnea.23)
The use of traction in the initial management of patients with AOD is controversial, as neurological structures may be further injured by traction. 11,21) In most cases, traction results in longitudinal distrac tion, and is therefore not indicated for patients whose spinal column is in good alignment and with primary longitudinal dislocation (Type II).23) Trac tion may be indicated in anterior (Type I) or posterior (Type III) displacement to realign the bone structures and decompress the brainstem or spinal cord.9,19) AOD limited to ligamentous tear without bony fracture may achieve partial healing, resulting in chronic instability if treated only by simple external immobilization.20) Therefore, definitive treatment by posterior fusion of the occiput to the upper cervical spine should be undertaken once the patient has been adequately stabilized .2') Fusion has been successfully accompanied with wire and/or autogenous bone graft. 15, 20, 21) Recently, cervical spinal cord stimulation has been used to treat patients with a prolonged period of unconsciousness with some success, 12,13,18) al though the actual mechanism raising the conscious ness level has not been clarified. We implanted a spinal cord electrical stimulation unit 10 weeks after the injury and started stimulation 1 week later. At 11 months after the injury (8 months after beginning stimulation), we recognized an obvious increase in the patient's consciousness level, although the rela tionship between the treatment and increased con sciousness was unclear. However, his extremities have been flaccid without contraction and no decu bitus has been observed in the 2 years since injury. 
